The Evolution of Tumors in Mice and Humans with Germline p53 Mutations.
Mice with a homozygous p53 gene deletion develop thymic lymphomas by 9 wk of age. Using the sequence of the rearranged T-cell receptor gene from each clone of cells in the thymus, one can determine the number of independent transformation events. These tumors are oligoclonal, occurring at a frequency of 0.13-0.8 new cancer clones per day. By 20 wk only a few clones are detected, indicating competition among transformed cell clones. DNA sequencing of these tumors demonstrates a point mutation frequency of one per megabase and many genes that are consistently amplified or deleted in independent tumors. The tumors begin with an inherited p53 gene deletion. Next is a PTEN mutation in a stem cell or progenitor cell, before the rearrangement of the T-cell receptor. After that, the T-cell clone selects gene amplifications in cyclin D and cdk-6, and in Ikaros in the Notch pathway. Humans heterozygous for the p53 mutant gene in the germline (Li-Fraumeni syndrome) develop cancers at an early age. The penetrance of heterozygous p53 mutations is ∼93% of individuals developing tumors over their lives. At older ages the remaining 7% of this Li-Fraumeni population actually have a lower risk of developing tumors than the population at large with wild-type p53 genes.